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Abstract: In search of antiinflammatory drugs with a new mechanism of action, U0I26 was found to 
functionally antagonize AP- 1 transcripdonal activity via noncompcndve inhibidon of the dual specificity kinase 
MEK with an IC50 of 0.07 pM for MEK I and 0.06 uM for MEK 2. UOl 26 can undergo isomehzadon and 
cyclizadon reacdons to form a variety of products, both chemically and in vivo, all of which exhibit less affinity 
for MEK and lower inhibidon of AP-1 acdvity than parent, U0126. © 1998 The DuPonl Merck Pharmaceutical Company. 
Pubtished by Elsevier Science L4d. All rights reserved. 

Steroids have been used to treat inflammation successfully for many years, but they are plagued with 

serious side effects. ' MechanisdcaJly, steroid drugs and glucocorticoid (GC) homiones bind to the glucocorti- 
coid receptor (GR) to form a 
complex which dimerizes 
and migrates to the nucleus 
(Figure 1 ). This complex 
interacts with the gluco- 
corticoid response elements 
(GREs) in gene promoters 
resuldng in the enhancement 
of transcription. 2 The 
GC/GR complex can also 
bind to the transcription 
factors AP-1 and NF-kB 
(NF*kB is not shown in 
Figure 1) which arc regu- 
lators of the immune 
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Figure I. MAPK signalling cascades together with the mechanism f acti n of 
glucocorticoids. 



of these transcription factors 



BNSDOCID: <XP. 



0960-894X/9g/S - see front matter e 1998 The DuPont Merck Pharmaceutical Cbmpany 
Published by Elsevier Science Ltd. All rights reserved. 

.41 39571 A_L> 



2840 / V. Duncia et at. / Bioorg. Med. Chem. Uti. 8 (J99S) 2839-2844 



by the GC-GR complex is thought to be the mechanism by which steroids exert their anti-inflammacory and 
immunosuppressive efTccts* the results of which arc inhibition of cytokine, adhesion molecule and 
metaUoproceinase production.^ 

Inhibition of the transcription factors AP-1 and NF-kB without interaction witfi GR£s would make for 
an ideal antiinflammatory agent, since it is believed that interaction with GREs prxxluces the unwanted side 
effects of steroids.^ Soreening of the DuPont library of compounds yielded U0126 (1). which does not interact 
with the GR and therefore the GREs, but does inhibit AP-1 transcriptioo activity (ICso 10 ± 0.2, n « 21 
Investigation of the cellular signaling cascades causing AP-1 activation led to the discovery that 170126 
selectively inhibits MEK (a MAP kinase kinase or MAPKK). a dual ^leciiicity kinase in die mitogen activated 
protein kinase (MAPK) cascade (Figure 1).^ MEK phosphotylates the direoiiine and tyrosine (T183 and Y185) 
residues on ERKs 1 and 2 resulting in their activation.^ Activated ERK, in turn, phosphorylates Elk-1 leading 
to transcriptional activation of the cFos and cJUN genes, resulting in AP-1 activation.'^ For activation, MEK 
requires phosphorylation of two of its residues. S218 and S222.6 Introduction of acidic residues to replace the 
serines coupled with truncation of an alpha-helical region in the N-tcrminal domain results in a constitutively 
active form of MEK which was used in investigating the SAR around U0126.* 

Seven MAPKKs have been identified: MEK 1 & 2. MKK3, MKK4, MEK 5. MKK6, and MKK7.5 
U0126 binds selectively to only MEK 1 and MEK 2 with IC50S = 0.07 fiM ± 0.02 (n = 6) and 0.06 ^M ± 0.02 (n 
= 2), respectively, U0126 inhibition of MEK is noncon^titive with respect to ERK and ATP, suggesting that 
it binds in a unique site in MEK.5 This may explain its selectivity against a wide variety of other kinases.^ As a 
rcsuh of MEK inhibition, U0126 has been shown to block the production of a variety of cytokines and 
metailoproteinases involved in the inflanrunatory response.^ 

6^ 

1: U0126, Z^-isomer 2: 2^-lsoiner 3: E^-isomer 

U0126, synthesized in the late 1950 s by W. J. MiddlcionlO, is quj^ stable in its crystalline state even 
irfzerfour decades of storage* There arc three possible isomers of U0126: Z.Z (I); Z.E (2); and E.E (3). In 
solution, U0126 exists at equilibrium as a mixture of Z.Z- and Z.£-isomers, the rate of isomcrizarion being 
dependent on the solvent. Using the Middleton synthesis procedure, a mixmre of the ZJZ- and Z.£-products 
were formed, the Z.Z-isomcr predominating. Both of these isomers were separated by HPLC and tested for 
MEK inhibition. The Z^Z-isomer was also crystalhzed from ethanol. X-ray crystal structure determination 
connrmed its stniciure and isomeric configuration.^ « The f.f-isomcr was isolated after precipitating 
unexpectedly from refluxing methanol during an anempted large scale reciystallization. 

The ZZ-isomcr appears to uniquely contain the MEK inhibitory activity. The Z.f -isomcr had an IC50 of 
0.5 ^M (n = 1). However, HPLC analysis of the biological scnecning assay immediately after the IC50 
detennination revealed that 12% of the Z^-isomcr had already isomerized to the Z^-isomer, The presence of 
12% Z^-isomer could account for the observed IC50. The £,£-isomcr also isomerized under assay conditions, 
and it would only take the presence f 3% of the Z.Z-isomcr to yield the bscrvcd IC50 of 2.6 nM (n = 1). Thus 
the Z^-isomer is most likely the major contributor to the bserved ICso value. 

Prolonged st rage of U0126 in DMSO resulted in the diminuu n of U0126 peaks and formation of new 
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peaks by HPLC. DMSO stock solutions of U0126 tested for AP-1 suppressioa activity yielded diminishing 
activity with time: freshly prepared U0126, IC50 = 0.2 ^iM; 1 week old. 0.3 ^M; 1 month old, 0.3 ^iM; 2 
months old. 03 jiM; 6 months old. 24.8 hM (all IC50S. n = I). Middletoo previously showed dial U0126.type 
compounds cyclized to pyrroles in dilute HQ. 10 Although our prolonged stoiage byproducts were never 
assigned stnicnircs. their ready formadon coupled with the ability of U0126 to cyclize in dilute acid led us to 
specuUte that U0126 cycUzation products could also fcwm in the binding assay, in die cellular AP I assay or in 
vivo. These cyclizadon products might also be major contributors to tf>e observed activiQr of U0126. 

U0126 was subjected to a variety of reaction conditions and a number of cyclizadon products were 
isolated and characterized (Figure 2). All of these cycUzation products exhibited weaker inhibition of MEK 
compared to parent U0126 (inactive is defined as < 50% binding at 10 \iM), Bisdiiazoline analog 7 showed a 7- 
fold decrease in MEK inhibition and over a 40.fold decrease in AP-1 suppression activity coa^>ared to U0126. 
The bisthiazoline stiucnirc of 7 may not allow for effective cell penetration in die celLbased AP I assay.5 
Mediylation of die nitrogens of 7 yielded inactive 8, This result could reflect either die lack of hydrogen 
bonding by the now mediylatcd nitrogens or steric hindrance by die mediyl groups. It is unclear why 
monodiiazolinc product 6 is a weaker inhibitor of MEK compared to its bisdiiazoline analog 7. Compounds 9 , 
10, and H were poor inhibitors, suggesting diat the pharmacophoce which gives rise to good inhibition is the 
vinylogous cyanamide substructure found in compounds 1, 6, and 7. To test whedier biological transformation 
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6:IC5o = 3.2^M(n = 1) 
AP-1 IC5o= 18.7 ^iM(n=rl) 



1: U0126 IC5o = 0,07uM 
AP-1 ICjo* l.OfiM 
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0 o-HS-PhNHj; 
py. A, 24 h. 
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ftjalhway a & b: -2 NH3) 
1NHCI. 25''C 

1 h. 84% 7. R=H: IC50 = 0.7 ^lM ± 0.3 (n=3) 

CHaj. K2C03.(^ AP-2 '^30 = 42.5 flM ± 22.7 (n=5) 



OMF.56% 



'8: R=CH3: inactive 



7. (pathw^ •) 
NHCt, 25»C,73% 



NH, H 



CN CN 

NH, 




Ac20, OMAP.r Rs=H, inactive 
ov. ia% ^lOr Rsemnu. 



11: IC5o= 13.5|JLM(n= 1) ^ „ 

AP- 1 IC50 = 26.2 M^M ± 5.0 (n=3) py.Tai' 10: R^COCH,, inactive 

Figure 2. Cyclization products of U0126 1 gether widi IC50S for MEK and AP-1 activity. 
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of U0126 leads to 6, 7, 9, 11, or other prxxlucts, U0126 was dosed both ip and po in rats at 100 mgAcg. LC/ESI- 
MS of blood plasma samples taken at various time points up to 24 hr detected protoaated molecules 
comsponding to the MW of U0126 (380), 6 (U0126 - 1 NH3; 363). 7 and/or 9 (U0126- 2 NH3; 346) and 11 
(U0126 - C6H7NS; 255). No evidence for biological transfonnation of U0126 to more potent MEK inhibitors 
was found. 

TaUe 1. Analogs of U0126 and thdr MEK and AP-1 Inhibitory Activities 
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C and AP-1 IC50 values were determined by the procedures desciibed in rcferenceT 



NH^N 
42 

Inhibits 24% 
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44 

1C30 = 0.3 ^M±0.1 (n = 2) 
AP-1 IC5o= 1-2 ^M± 0.1 (n = 2) 



The SAR around U0126 is summarized in Table 1. An clcctron-donating group is necessary in cither the 
2- or the 4-positions for good inhibition (compounds 1, 17, 20, and 21). The electron-rich bis-thiophene 44 is a 
stronger inhibitor (0.3 ^M) of M£K than the corresponding unsubsdtuted benzene analog (12: 0.9 pM). Other 
heterocyclic thiols, such as 2-mercaptopyridinc« failed to react with tetracyanoc thane 5. Substitution by 
electron- withdrawing groups resulted in weaker inhibition (18, 19, 22-27. 35, 36, and 41). It appears that the 
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aromadc rings must be electron-rich for good inhibicofy activity. MethyUtion of either the aryl amino or 
hydroxy! groups (14, 37-39) lowered inhibitory activity, possibly due to steric hindrance and/or intemiption of 
hydxx>gen bonding. Substitution by alkyl groups (33, 34), which are slighdy election donating, irsuited in 
weaker inhibidon, most likely due to the lack of H-bonding capability. Introducdon of a bydroxymethyl group 
(40) which is capable of H-bonding resulted in a poor inhibitor possibly due to steric effects comparod to the 
smaller amino or hydroxy! (1 or 20). Additional aromatic substitution (16, 28-32) resulted in decreased activity, 
again possibly due to sieric hindrance. Removal of the two phenyl groups of U0126 and replacement with 
methyls (42) and 2-hydroxyethyls (43) lowered the inhibitory activity diamadcally. Thus, no impxovenientt 
over U0I26 in cither the IC50 or the AP I activity were obtained. 

Reaction of 2-carbomcthoxyihiophcnol 45 with 5 (Scheme 1) yielded not the corresponding U0126 
analog 46, but compound 48. Subsequent ring opening with propylamine yielded amide 49 which helped in 
assigning the structure of 48. Neither compound showed any significant inhibitory activity for IVfEK. 



Schama 1 



ex"" • 

45 



NCCN 
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10%aqNaOH. 

acetone. 
1 h. 30% 




CHCH 
propylamine, s-<3-hih2 



dtoxane. ^ 
24 h, 60% 



40 



iS^fi^i^^ 6o^H3 

\ ■ 

CHCH 



Reacting 2-aminothiophcnol 4 with 1 ,2-dicarboethoxy- 1 .2-dicyanocthane 51 (Scheme 2) afforded the 
corresponding biscarbocthoxy analog 53 as one isomer together with some of the monoaddition adduct 55. 
Although the reaction conditions were changed (EtaN, THF instead of NaOH, acetone), the addition of thiols to 
tciracyanocthanc 5 never yielded single isomers or monoadducis, regardless of the reaction conditions. 
Scheme 2 

EtO^ CO^t .EtO^C COaEt R^^SH " ^ 

J-K ^ yS rCV EtaN. THF. 25°C 

CN CN Ha PIO^. CN tN 



CN Ha PIO^. 
Eton. 22h. 
SO 50 psi. 259C. 
88% 




51 



4: R = 2-NTt 
52: R = 4-Ph 



NH2 CO^t 



53: R = 2 ^rft (!2%) 
54: R = 4.ph (0%) 




58: R = 4-Ph (30%) 




0.5 M LiOK 



THF. 25^C 



57: R = 4-Ph 



55: Ra2-mt(19%) 
56: R:«4.Ph (46%) 



Somewhat unexpectedly, biphcnylmcrcaptan 52 yielded only monoadduct 56. Saponification f 56 surprisingly 
yielded tetrasubstituted pyrrole 58. Compound 53 decomposed under these conditions and thus oouJd not be 
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saponified. All of tiiesc compounds were devoid of inhibitory activity for MEIC Thus it appear? that the cyano 
groups of U0126 are very important for MEK inhibition and cannot be replaced by carboethoxy groups. 

All of the U0126 analogs in Table 1 were cyclized in refluxing aqueous HQ and ethanol^^ to yield 2- 
amino'3,4-dicyanopyTroles. The most potent 2-amino-3,4-dicyanopyrTolc was 59 (Scheme 3). Pyirole 59, 
however, was poorly active in the cellular AP-1 suppression assay. Improvement couid be made by 
sulfonylacing the amino group to yield pyrrole 60 which retained the MEK inhibitory activity of 59« while 
showing an improvement in the AP-l suppression activity. In some instances* cyclization in TFA yielded 
symmetrical pyrroles. Thus, cyclizadon of 32 in TFA yielded 61 which exhibited good MEK but poor AP-1 
inhibition. 




Condusioiis 



U0126 is a potent inhibitor of MEK and AP-1 transcriptional activity. Although it is readily suscepdble 
to isomerization and cyclization, the Z^-isomer of U0126 appears to be the active moiety. Studies arc ptescndy 
underway to determine whether the novel mechanism of action displayed by U0126 will lead to anti- 
inflammatory acdvity in animal models. 
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